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CHAPTER 1. GENERAL INTRODUCTION AND LITERATURE REVIEW 
Organic Agriculture 
Organic agriculture is defined by the National Organic Standard Board 
(NOSB) as "an ecological production management system that promotes and 
enhances biodiversity, biological cycles and soil biological activity" (NOSB, 1995). 
The organic industry is a consumer driven market, which has been growing at least 
20% every year for the past 10 years and is expected to reach $8 billion in the U.S. 
by 2001 (OTA, 1998). This market has not only increased in the U.S. but also in 
Europe, Asia, Australia and New Zealand. In response to the increased demand for 
organic products, Iowa farmers have increased their acres of organic production 
from 13,000 in 1995 to 120,000 in 1998 (IDALS, 1999a). 
The Iowa Department of Agriculture and Land Stewardship (IDALS) Organic 
Agriculture Program through the Iowa Organic Certification Standards (Iowa Code, 
Chapter 190C, 1999) works with private certification agencies to assure that rules 
governing the certification of organic farms are enforced. Certification is a seal of 
assurance for use in trade and marketing. Producers, processors, and handlers 
earning over $5,000 must be certified (IDALS, 1999b). Farms transitioning some or 
all of their fields to organic production must follow the same regulations as certified 
organic production . One of the most basic requirements of certification prohibits the 
application of synthetic chemicals for three years prior to certification . Farmers must 
also submit a written plan for growing and handling their crops and livestock. 
Because crop rotations are critical for maintaining soil quality, and interrupting 
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insect, disease, and weed cycles, no two annual crops of the same species can be 
grown on the same field in consecutive years. 
Cover crops are very important to soil health, which is the backbone of 
organic farming. Fast growing cover crops can slow erosion by anchoring soil 
throughout the winter and spring, protecting the soil from wind and rain (SAN, 1998). 
Leguminous cover crops, such as vetch or clover, can be an important source of 
nitrogen (Stute and Posner, 1995). Cover crops inhibit weeds by "smothering" them 
and other cover crops, such as rye, have allelopathic properties that inhibit weed 
germination (Rice, 197 4 ). Soils in organic farming systems have been shown to 
contain greater levels of microbial biomass, necessary for nutrient cycling, compared 
with conventional systems (Scow et al., 1994 ). 
Adequate nutrition may also be achieved through compost, manure and 
naturally based soil amendments accepted within certification regulations (Kelly, 
1990). Organic fields bordering conventional fields must have a 30-foot border to 
separate the fields. Any synthetic materials, including fungicides, insecticides, and 
herbicides, are disallowed in organic production. Genetically modified organisms 
(GMOs) and irradiation are prohibited for organic certification (IDALS, 1999b). 
Organic Apple Production 
Apples are a popular fruit among Americans, who consume an average of 8.4 
kg per year (Bertani, 1996). Due to the steady growth in the organic industry, an 
increase in organic produce, including the supply of organic apples, will be needed 
as the demand for organic produce continues to grow. According to the Organic 
Farming Research Foundation, there were 145 organic apple orchards on 2,744 
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acres in the U.S. in 1997 (Walz, 1999). In 2000, there were four organic apple 
orchards in Iowa out of 110 orchards reported in the Farm Fresh directory of Iowa 
producers (IDALS, 2000). Many more conventional orchards exist but were not 
listed (P. Domoto, personal communication, 2001 ). 
With the growing demand for organic apples, and limited number of organic 
apple orchards in production, significant organic premiums exist, which should 
provide incentives for farmers to grow organically (R. Johnson, personal 
communication, 1999). There are several obstacles in establishing or converting to 
organic apple production, which may explain the limited number of organic orchards. 
Establishing a new orchard can be expensive and profits may not be acquired 
until 3 - 10 years after establishment, depending on the type of rootstock. The 
estimated cost of the first year of establishment, in 1995, for a high-density, 
conventional orchard was approximately $12,350 per hectare (Domoto, 1995). 
Organic apple orchards may cost less to establish due to existing infrastructure such 
as on-farm sources of nutrients (M. Wills, personal communication, 2001 ). 
Organic apple production is management intensive because it relies on a 
systems approach in production rather than a blanket chemical approach 
(Swezey et al., 2000). In addition to basic horticultural knowledge, a thorough 
knowledge is needed in pest management and biological controls, including 
knowledge of the life cycles of insects and plant pathogens in order to recognize, 
prevent, or control apple pests. 
Managing diseases and insects are some of the more challenging issues in 
organic apple orchards. There are many similarities between organic and 
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conventional apple orchards but these two systems differ most significantly in 
methods of pest management. Effective disease and insect management is 
achieved through an integrated approach of using biological control, cultural and 
mechanical practices. One of the most important things to consider in disease 
management in an organic apple orchard is disease resistant cultivars. The most 
serious disease in apple orchards is apple scab, Venturia inaequalis (Cooke). 
Organic apple orchardists are encouraged to use disease-resistant or disease-
tolerant cultivars of apple trees. When scab-resistant cultivars are used, organically 
approved fungicide applications are rarely necessary (Ellis, 1998). Some scab 
immune cultivars that have been successful in trials at Iowa State University include 
Redfree, Liberty, William's Pride and Goldrush (Sessin et al. , 1998). 
Eastern red cedar is the alternative host for cedar apple rust, 
Gymnosporangium juniperi-virginianae (Schwein), which infects the foliage and fruit 
of apple trees. Cultivars that are rust resistant include Redfree, Liberty, Freedom 
and William's Pride (Sessin et al., 1998). 
Sooty blotch, Gloeodes pomigena, and flyspeck, Zygophiala jamaicensis, co-
exist on apple fruit in late summer. These fungi utilize the waxy cuticle of the apples 
as a nutrient source. These pathogens compromise the aesthetics of the apple but 
do not affect the taste. Unfortunately, no apple cultivars are resistant to sooty blotch 
and flyspeck. 
Insects are also a challenge to manage in an organic apple orchard. The 
three most destructive pests in Midwest apple orchards are codling moth, Cydia 
pomonella (L.), plum curculio, Conotrachelus nenuphar (Herbst), and apple maggot, 
5 
Rhagoletis pomonella (Walsh) (Phillips, 1998). An integrated approach, using 
mechanical, cultural, and biological control methods, is required in certified organic 
apple systems. Monitoring is essential to determine levels of pests and life cycle 
stages. Techniques used to disrupt reproduction, such as pheromone traps and 
sticky red spheres, are also useful in monitoring populations. Habitats for beneficial 
insects are also planted to help create a favorable ratio of beneficial insects to pests 
(Wratten and Thomas, 1990). 
Codling moths overwinter in the soil, bark, and debris around the tree and in 
neighboring wild apple trees. First generation codling moth eggs are usually laid on 
the apple leaves and fruits from petal fall to three weeks post-anthesis. Upon 
emerging, the larvae burrow into the center of the apple, destroying the quality of the 
apple. The mature larvae then leave the apple for pupation. 
There has been some success in disruption of codling moth reproduction with 
pheromone disruption techniques (Earles et al., 1999). Success has been greatest 
when codling moth pressures have not been high in and around the orchard (Gut 
and Brunner, 1998; Roberts, 2000). Codling moth pheromone traps cost from 
$185 - 272 per hectare per application (Swezey et al., 2000). The Codling Moth 
Areawide Suppression Program in the Northwest U.S. tested, monitored, and 
evaluated pheromone technology for pest control in conventional apple orchards 
(Roberts, 2000). Most growers found that it was less expensive to hang pheromone 
ties than to spray for codling moths. By spraying less, the levels of predatory insects 
increased and helped reduce the number of insect pests (Roberts, 2000). Knight 
(1994) also reported an increase in beneficial insects in organic apple orchards 
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because of the elimination of broad-spectrum insecticides. There are no predators 
specific to codling moth but generalist predators include lacewings, ground beetles, 
spiders and birds (Swezey et al., 2000). 
Plum curculio beetles overwinter in neighboring woodlots, particularly in 
maple trees (Phillips, 1998). When plum curculio beetles remain in the orchard to 
overwinter, or are not protected during winter, winter mortality has been estimated 
around 90% (Racette et al., 1992). The plum curculio attacks the perimeter of the 
orchard first, so pheromone traps are placed along the orchard edge. These beetles 
also attack plum trees before apple trees , so a plum tree can be used as a 
monitoring tool. In the orchard, plum curculio prefers the upper levels of trees and 
early cultivars of apples, most likely because of dense foliage and the availability of 
fruit earlier in the season (Racette et al., 1992). The critical time for action against 
the plum curculio is at petal-fall and for about the next three weeks. During this time 
the adult lays a single egg per apple, leaving a crescent-shaped mark on the fruit. 
On average, the beetle will lay about 73 eggs in one season (Racette et al., 1992). 
The larvae cause internal damage and induce apple drop in June and July. These 
apples should immediately be removed and destroyed because the larvae moves 
from the apple within 1-2 days (Phillips, 1998). Natural enemies of this beetle have 
not been reported as sufficiently effective for plum curculio control. One method to 
control plum curculio is achieved by using a labor-intensive practice for two to three 
weeks after petal fall. Branches are tapped with a padded stick to displace the 
beetle onto a drop cloth placed below the tree, and then destroyed. 
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Kaolin particle film, (Surround™ WP Crop Protectant, Engelhard Corp., lselin, 
NJ) was introduced into the market in 1999, and has shown promising results for 
organic orchardists in the management of insect pests and some diseases (Purterka 
et al., 2000; Thomas, 2000). Kaolin particle film consists of 95% kaolin clay, which 
is suspended in water for application. Kaolin clay is a natural product that has been 
used many years in cosmetic, toothpaste, and food products and is generally 
regarded as safe (GRAS) by the Food and Drug Administration (Glenn et al., 1999). 
Kaolin particle film forms a semi-porous hydrophilic barrier around the apple 
(Puterka et al., 2000). Traditional spray equipment can be used for applying kaolin 
particle film (ARS, 1998). Kaolin particle film should be applied every 7-10, days 
depending on environmental conditions (ARS, 1998). After kaolin particle film is 
applied and dried, the bright, opaque and white surface of the apple reflects light and 
may visually repel insect pests. Particles of kaolin clay can adhere to insect bodies, 
such as codling moth, plum curculio and apple maggot, which cause irritation and 
confusion (Glenn et al., 1999). Studies indicated that arthropods did not oviposit on 
pear leaves treated with the kaolin particle film, subsequently affected feeding and 
ovipositional performance (Glenn et al. 1999). The third mechanism of insect control 
may involve host "masking." When kaolin particle film is properly applied, the tree 
appears completely white, thus thwarting insect recognition . Unruh et al. (2000) 
discovered kaolin particle film to be effective against codling moth in apple and pear 
orchards. 
The film may also create a physical barrier in which water, and any pathogens 
carried by water, does not reach the leaves. The kaolin particle film barrier is 
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sufficiently porous to prevent a compromise of photosynthetic activity (Glenn et al. , 
1999). The efficacy of kaolin particle film as a treatment to suppress diseases will 
likely be related to a level of application that provides continuous coverage of the 
apple tree (Glenn et al., 1999). Extensive rain events may require additional 
applications, although kaolin particle film forms a persistent coating that can 
withstand normal rainfall. Washing of harvest apples is required to remove kaolin 
particle film residues prior to sale. 
Apple maggots overwinter in the orchard soil. Apple maggot adults typically 
emerge in June and target mid-summer apples. Eggs are oviposited under the skin 
of the apple and each female can lay about 300 eggs per cycle of 30 days (Reissig, 
1976). Larvae tunnel throughout the flesh of the apple causing "tunneling" and 
decay (Reissig, 1976). Sticky traps are used to monitor and control the apple 
maggot fly. Red spheres, which resemble apples, are covered with a sticky 
substance such as Tangle-trap TM (Tanglefoot, Grand Rapids, Ml) and hung in trees 
to monitor and manage the adult fly. The apple maggot adult oviposits eggs onto 
the sticky surface which fail to hatch, thereby reducing reproduction. 
Leafminers are an indirect pest in apple orchards. Leafminer larvae damage 
the trees by mining young leaves of apple trees (Hogmire, 1995). Adult moths 
overwinter and lay eggs on the underside of leaves. There can be many 
generations of leafminers in a summer (Hogmire, 1995). 
Coloring bags are opaque, double-layered bags protecting apples from 
ultraviolet damage and pests. The bags provide a physical barrier around the apple, 
preventing insects and disease pathogens from establishing contact with the apples. 
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After the trees are thinned, when the apples are approximately 1.25 - 2.50 cm in 
diameter, the bags are secured over the apples. The outer bag is removed about a 
month before harvest while the inner bag is removed about 1 - 2 weeks before 
harvest (Sessin, 1998). 
The organic system is highly dependent upon monitoring insects, diseases, 
and soil fertility to create healthy trees (Swezey et al., 2000). Organic orchardists 
cannot rely on rotations which are used in other annual organic systems to cycle 
nutrients, control insects, and control weeds; therefore other means must be used. 
Creating diversity in the system will help to create stability (Brummer, 1998) and may 
decrease insect and disease pressures (Altieri, 1995). Diversity can be created 
through cover crops, planting wildflowers for beneficial insects, placing bird and bat 
houses within the orchard, and planting vegetables in the ailseways. Most organic 
apple orchards are fenced to curtail problems from herbivores, such as deer and 
rodents (Swezey et al., 2000). 
Nutrient management in an organic orchard includes optimizing compost and 
cover crops. Compost is an inexpensive form of nutrients if made using on-farm 
resources. Cover crops provide fertility for apple trees, decrease erosion, increase 
the infiltration rate of water, provide habitat for beneficial insects and help to manage 
weeds (SAN, 1998). Legume cover crops provide a significant amount of nitrogen, 
while grass cover crops primarily provide organic matter and control erosion. 
Research conducted in Chinese apple orchards (Yu-hua et al., 1997) indicated that 
cover crops provided a habitat for the beneficial insects Chrysopa, Orius, and 
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coccinellids. Cover crops were mowed to encourage beneficial insects to colonize 
trees when pests reached economic threshold levels. 
It has also been documented that some insects have a preference for certain 
ground covers (Coli et al., 1994 ); thus, a thorough knowledge of which insects 
contribute to orchard stability is key. Although there are many positive attributes of 
cover crops, it is undesirable to allow competition with the trees for nutrients and 
water through excess growth. Mulches, from mowing the tree aisles, or other 
sources, are often used around the base of the trees to inhibit competition from 
weeds and cover crops. A cover crop consisting of a mixture of legumes and 
grasses is advisable, as excess nitrogen from legumes can cause problems with 
color development, acclimation in the fall and harboring unwanted insects 
(Swezey et al., 2000). 
Farmers are encouraged to use compost, rather than raw manure, which has 
been shown to have disease suppressive effects (Earles et al., 1999). Composting 
manure can eliminate pathogenic microorganisms which can cause diseases in 
plants and humans (Rynk, 1992). 
In a recent study (Reganold et al., 2001 ), organic apple production systems 
were reported to have higher soil quality, higher profitability, greater energy 
efficiency and less impact on the environment compared to conventional apple 
production systems. Organic apples in this study were also sweeter and firmer in 
texture, compared to conventional apples, based on analytical and consumer 
testing. Information on Midwest organic apple production has been limited until 
recently, with significant information gaps remaining today. Because of the great 
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interest in organic apples and the need for research in organic apple production, I 
chose to investigate organic apple production for my thesis . In addition to plant 
performance, this research included food quality aspects as affected by crop 
protection practices. 
Food Quality of Organic Products: Apple Cider and Tofu 
Consumers report various reasons for choosing organic products. By 
purchasing foods from local organic and conventional growers, consumers are 
supporting local economies. Some consumers believe the taste and nutrition of 
organic products is superior to conventional foods (Bruhn et al., 1992; Jolly et al., 
1989; Wilkins and Hillers, 1994), although there have been very few scientific 
studies to support this information . Studies that have been conducted comparing 
nutrients of organic and conventional food have been primarily limited to vegetable 
crops (Woese et al., 1997). Other consumers believe that organic produce has less 
aesthetic value and less shelf life than conventional produce. However, an 18-week 
study comparing the visual quality of organic and conventional produce determined 
that there were very few statistical differences in the quality of produce in several 
Tucson, Arizona grocery stores (Conklin and Thompson, 1993). 
One of the more distinct reasons consumers are choosing organic foods is 
concern for agriculture's effects on the environment. These concerns include the 
following aspects: 
• Pesticide residues in the food system (Wilkins and Hillers, 1994) 
• Pollution from packaging (Tregear et al., 1994) 
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• Natural resource contamination from excessive fertilization (Jolly et al., 
1989) 
• Chemical exposure to the farmers using pesticides (Beall et al., 1991 ). 
As public information about the problems with pesticides used in conventional 
agricultural increases, consumers are questioning the content of their food 
(Jolly et al., 1989). Parents with small children are especially concerned with 
pesticide residues on fruits and vegetables because children eat more fruits for their 
weight than adults. An extensive study by the USDA's Pesticide Data Program and 
the Consumers Union examined 27,000 samples of fruits and vegetables grown in 
the U.S. and those imported to the U.S. for pesticide residues (Groth et al., 1999). 
The majority of the fruits and vegetables had some level of pesticide residue and a 
small percentage of the produce contained chemical residues above legal limits for 
use in foods for human consumption (Groth et al., 1999). Legal limits for pesticide 
residues do not always ensure safety, especially for children (Groth et al., 1999). 
Consumers also cite food safety, food quality and health issues as other incentives 
for organic consumption (Jolly et al., 1989; Tregear et al., 1994; Wilkins and Hillers, 
1994 ). Some consumers are concerned with additives and preservatives in 
conventional foods (Bruhn et al., 1992) and as the prevalence of irradiation and 
ingredients from genetically modified organisms continue to increase, the level of 
discontent with the present food system may also rise (Consumers Union, 1999). 
Organic products, purchased from local food co-ops, farmers markets, Community 
Supported Agriculture (CSA) farms, and supermarkets, offer an alternative option for 
consumers who want to avoid pesticide residues, additives, preservatives, irradiation 
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and GMO ingredients (OTA, 1998). Although a slight price differential may be a 
disincentive to purchase organic foods (Tregear et al., 1994), farmers markets and 
CSAs which offer working shares will decrease the cost of organic produce. 
A literature review published by Woese et al. (1997) examined 150 studies 
comparing organic and conventional foods. The authors concluded that it was 
difficult to generalize on the nutritional superiority of organic or conventional foods. 
Results of these comparisons were inconsistent and many of these studies relied on 
an insufficient sample size. However, some trends worth noting were identified in 
the vegetable studies (Woese et al., 1997). Conventional vegetables typically 
contained greater nitrate levels than organic vegetables. Organic vegetables were 
consistently greater in dry matter than conventional vegetables. 
Warman and Havard (1996) compared the performance and nutrition of 
organic and conventional vegetables by growing carrots, cabbages, tomatoes, and 
sweet corn with conventional fertilizer or composted manure in the same fields. No 
statistical differences were found in yields . The organic cabbage in two out of three 
years was significantly greater in phosphorus and boron content. Clarke and 
Merrow (1979) analyzed various nutritional components in organic and conventional 
tomatoes among producers. Significantly greater levels of ascorbic acid, carotene, 
phosphorus, and iron were found in one of two years for organic tomatoes. The 
marketable yield of the organic tomatoes was significantly greater than the 
conventional tomatoes in both years . 
Research on vitamin and mineral content of organic and conventionally grown 
carrots and celeriac (Leclerc et al. , 1991) showed many vitamins were greater in the 
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organic carrots compared with the conventional carrots, but few of these results 
were statistically significant. ~-carotene and vitamin B1 were significantly greater in 
the organic carrots. Organic celeriac had higher levels of dry matter and vitamin C. 
Organic celeriac yielded less, with less nitrate in plant tissue. Neilsson (1979) 
reported comparable yields for organic and conventional carrots, cabbage, and leek. 
In this study, there were no differences in vitamin C, carotene, sugar and amino 
nitrogen between the organically and chemically fertilized crops. 
Svec et al. (1976) examined the nutrient content and consumer preference of 
organic and conventional tomatoes, potatoes, peppers, lettuce, onions, and peas. 
Upon examination of nitrogen, phosphorus, potassium, calcium, and magnesium 
content in these vegetables, the authors found no statistical differences in mineral 
content in the conventional and organic systems. There were no significant 
differences in yields between conventional and organic systems. 
From the literature review, I found no studies examining the nutritional content 
of organic soy products. Organic soybeans are an economically important crop for 
Iowa organic farmers, as soybeans provide the largest premium for grain crops in 
the organic industry. Soy products and soy derivatives have become significant 
ingredients in the food industry because of the functional properties and health 
benefits that soy offers. Soy can be found in many products, from meat analogs, 
due to high protein levels and meat-like texture, to beverages because of the smooth 
texture soy provides (Riaz, 1999). Soy can be used to reduce fat, increase protein 
and enhance whiteness of bakery products. The importance of soy expands beyond 
its versatility as a functional food. Soy protein may decrease the risk of heart 
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disease and some cancers (Wang and Wixon , 1999). In October 1999, the FDA 
approved a health claim for labeling soy products that contained at least 6.25 grams 
of soy protein and less than 3 grams fat (FDA, 1999). The claim states, "Diets low in 
saturated fat and cholesterol that include 25 grams of soy protein a day may reduce 
the risk of heart disease." Although the U.S. population has only increased 
consumption of soy products in recent years, other countries consume soy products 
as a staple food. Soy foods such as tofu, soymilk, and tempeh are eaten daily in 
many populations of Asia. 
Some compounds found in soybeans are believed to have anticarcinogenic 
effects on the body (Kennedy, 1995; Messina and Messina, 1991 ). Experimental 
research has implicated phytates, and isoflavones, especially genistein, 
(Fukutake et al., 1996) in the suppression of carcinogenesis (Kennedy, 1995). 
Phytic acid is a storage form of phosphorous and is widely found in grains. Phytates 
interfere with the absorption of minerals, especially zinc and iron, as well as protein 
and carbohydrates (Messina and Messina, 1991; Wang and Wixon, 1999). 
Experiments have shown that when phytate is added to the diet, zinc bioavailability 
is decreased (Lonnerdal et al., 1984; Lonnerdal et al., 1988). In vivo and in vitro 
experiments have demonstrated preventative and therapeutic effects of phytic acid 
against cancer (Shamsuddin, 1995). It is hypothesized that anticancer properties 
are a result of phytic acid binding with minerals, proteins, and carbohydrates (Wang 
and Wixon, 1999). 
lsoflavones are found in low levels in many plant foods but soybeans contain 
substantial levels of isoflavones (Wang and Murphy, 1994). lsoflavones work as 
16 
antioxidants (Nairn et al., 1976), antiestrogens (Adlercreutz et al., 1986), and 
tyrosine kinase inhibitors (Akiyama et al., 1987) to prevent and combat against the 
advancement of many cancers (Wang and Wixon, 1999). It has been documented 
that isoflavones are involved in reducing serum cholesterol, which reduces the risk 
of heart disease (Wang and Wixon, 1999). lsoflavones also have estrogenic 
properties which may assist in the treatment of osteoporosis in women (Wang and 
Wixon, 1999). Twelve isoflavones are found in soybeans. These include daidzein, 
daidzin, genistein, genistin, glycitein , glycitin, 6"-0-malonyldaidzin, 
6"-0-malonylgenistin, 6"-0-malonylglycitin, 6"-0-acetyldaidzin, 6"-0-acetylgenistin, and 
6"-0-acetylglycitin (Wang and Murphy, 1994 ). 
Tofu can be made from any variety of soybean but the majority of the 
population in Japan and the U.S. prefer tofu made from clear hilum varieties of 
soybeans (Murphy et al., 1997). Tofu production is a meticulous process, which has 
not easily lent itself to standardization . There are many factors, extending from 
growing and harvesting conditions to processing conditions, which affect the final 
quality of tofu. In addition to soybean variety, the quality of the soybeans and the 
environment in which the beans are stored may affect the quality of the tofu 
(Wilson et al., 1992). The solids of the soymilk, removal of the okara, heating 
temperature, the concentration and type of coagulant used, and the experience of 
the processor are all important processing factors to consider (Wilson et al., 1992). 
In an effort to determine food quality differences between organic and 
conventional foods, I chose to investigate organic production management effects 
on the food quality of soy and apples. In an effort to determine food quality 
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differences in organic and conventional foods, I also examined a soy product, tofu, 
for nutritional components and a value-added product, apple cider, for content of 
foodborne microorganisms. 
Thesis Organization 
This thesis has five chapters. The first chapter provides general information 
about organic apple and soybean production and the organic industry. Chapter 2 is 
a manuscript to be submitted to HortTechnology, describing my research on the 
effect of certified organic treatments on insects, diseases, and yields on organic 
apples. Chapter 3 is a manuscript to be submitted to the Journal of Food Protection, 
examining foodborne microorganisms in organic and conventional apple cider and 
investigating the effect of organic management practices on foodborne microbial 
populations. Chapter 4 is a manuscript to be submitted to the Journal of Food 
Science and reports my findings on the nutritional quality of organic and 
conventional tofu. Chapter 5 is a brief discussion of my general conclusions based 
upon the research. 
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CHAPTER 2. THE EFFECT OF CERTIFIED ORGANIC TREATMENTS ON 
INSECTS, DISEASES, AND YIELDS OF ORGANIC APPLES 
A paper to be submitted to HortTechnology 
Heather Friedrich, Kathleen Delate, Paul Domoto, and Gail Nonnecke 
Abstract 
Consumer demand for organic products has caused the organic industry to 
expand by 20% over the last ten years. In response to the demand for organic 
produce, more farmers are producing food, including apples, organically. In 2000, 
research was initiated to determine the effects of organic pest management 
treatments, for control of codling moth, plum curculio, apple maggot and leafminers, 
on yield, insects, and diseases in an organic apple orchard. Six treatments: control, 
coloring bags, sticky red spheres, kaolin particle film, kaolin particle film plus sticky 
red spheres, and coloring bags plus sticky red spheres, were applied in a completely 
randomized design by row to 'Redfree', 'Jonafree', and 'Liberty' apple trees. 
Bimonthly sampling for insect damage and disease prevalence occurred in the 
control, kaolin particle film, and kaolin particle film plus sticky red spheres 
treatments. Harvested apples from all treatments were weighed and inspected for 
insect damage. Results of this experiment demonstrated that cultivar selection in an 
organic apple orchard can affect the level of insect damage on leaves during the 
growing season and plum curculio damage ratings at harvest. 'Jonafree' leaves 
treated with kaolin particle film and coloring bags had less insect damage and 
disease throughout the growing season and at harvest. There was no effect of 
treatment on beneficial insects during the growing season. There was a lower 
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average disease rating on 'Liberty' apples treated with kaolin particle film when 
kaolin clay treatments were pooled. Cultivar X treatment interactions were significant 
for incidence of disease and pestiferous insects during the growing season, codling 
moth damage ratings at harvest, and percentage of marketable fruit. There was no 
effect on yields in either the Redfree or Jonafree cultivars from the treatments 
applied in this experiment. Overall marketability was not improved by the treatments 
in the Redfree cultivar, but marketability was improved in the 'Jonafree' apples. 
Because 'Redfree' is an earlier maturing cultivar, apples would be exposed to less 
insects and disease organisms over time, thus lowering overall pest damage ratings. 
Overall marketability was greatest in the Jonafree cultivar where the coloring bags or 
kaolin particle fi lm were used. 
Introduction 
Apples are a popular fruit among Americans, who consume an average of 
8.4 kg a year (Bertani, 1996). Apples , however, contain some of the highest levels of 
pesticide residues (Hettenbach and Wiles, 2000). Because children eat more fruits 
for their weight than adults, and apples are a popular fruit among children, many 
parents with small children are particularly concerned with pesticide residues (Groth 
Ill et al., 1999). Because certification for organic products requires that no synthetic 
chemicals be used in production, organic produce can be a nutritious source of 
vitamins and minerals with a lower level of pesticide residue. 
Due to the 20% growth in the organic industry over the last 10 years (OTA, 
1999), an increase in organic produce, including the supply of organic apples, is 
anticipated. The Organic Farming Research Foundation (OFRF) Biennial National 
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Organic Farmers' Survey reported 145 organic apple orchards on 2,744 acres in the 
U.S. in 1997 (Walz, 1999). Information on organic apple production has been limited 
until recently, with significant information gaps remaining today. Reganold et al. 
(2001) demonstrated that organic apple production systems improved profits, soil 
quality, taste, and texture of organic apples compared with conventional apples in 
Washington state. 
Diseases in apple orchards include fire blight, Erwinia amylovora (Burrill) 
Winslow et al. , sooty blotch, Gloeodes pomigena, and flyspeck, Zygophiala 
jamaicensis. Insects, however, pose the greatest challenge to organic apple orchard 
management in the Midwest. The three most destructive pests are codling moth, 
Cydia pomonella (L.), plum curculio, Conotrachelus nenuphar (Herbst), and apple 
maggot, Rhagoletis pomonella (Walsh) (Phillips, 1998). Codling moth can be the 
most damaging insect in organic apple orchards and can destroy over 80% of a crop 
if populations are high (Halprin , 2000). In Iowa, there can be two to three 
generations of codling moths in a single growing season (Sessin et al., 1998; 
Gleason and Lewis, 1997). An integrated approach , using mechanical, cultural, and 
biological control methods, is required in certified organic apple systems. 
Techniques used to disrupt reproduction, such as pheromone traps and sticky red 
sphere traps, have proven useful in managing codling moth and apple maggot pest 
populations, respectively (Swezey et al., 2000). Habitats for beneficial insects also 
help create a favorable ratio of beneficial insects to pests (Wratten and Thomas, 
1990). A labor-intensive method of physically shaking apple trees was the most 
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widely used method for plum curculio control in organic orchards prior to the 
availability of kaolin particle film (Thomas, 2000). 
Kaolin particle film, (Surround™ WP Crop Protectant, Engelhard Corp., lselin, 
NJ) was introduced into the market in 1999, and has shown promising results for 
organic orchardists in the management of insect pests and some diseases (Purterka 
et al., 2000; Thomas, 2000). Kaolin particle film consists of 95% kaolin clay, which 
is suspended in water for application. After kaolin particle film is applied and dried, 
the bright, opaque and white surface of the apple reflects light and may visually repel 
insect pests. Particles of kaolin clay can adhere to insect bodies, such as codling 
moth, plum curculio and apple maggot, which cause irritation and confusion (Glenn 
et al., 1999). Studies indicated that arthropods did not oviposit on pear leaves 
treated with the kaolin particle film , subsequently affected feeding and ovipositional 
performance (Glenn et al. 1999). Host "masking" may also be involved when kaolin 
particle film thwarts insect recognition of the white-coated tree. Unruh et al. (2000) 
discovered kaolin particle film to be effective against codling moth in apple and pear 
orchards. Puterka et al. (2000) found apple maggot fly and plum curculio to be 
controlled by an early formulation of kaolin particle film. It is believed that the 
disease protective mechanism of kaolin particle film is due to the hydrophilic film 
created on the leaf or apple by the kaolin clay (Glenn et al. , 1999). 
First year results using kaolin particle film on organic apples at the Southwest 
Research Center in Missouri indicated that flyspeck and sooty blotch were 
suppressed on apples treated with kaolin particle film (Thomas, 2000). In addition, 
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apples treated with kaolin particle film had lower levels of plum curculio damage 
(Thomas, 2000). 
Coloring bags (Fuji bags, Wilson Irrigation, Yakima, WA) were originally 
designed to aid in color formation of the Fuji cultivar by inhibiting chlorophyll 
production (Kikuchi et al., 1997). Because the bags protect the apples from insects 
and diseases at the beginning of the colonization period, very few sprays are 
needed for pest management throughout the remainder of the season. Bagging 
fruit, however, is labor intensive and may increase the cost of production (Kikuchi et 
al., 1997). 
The purpose of this research was to determine the effects of currently 
available organic pest management treatments, including sticky red spheres and 
kaolin particle film, on insect damage from codling moth, plum curculio, apple 
maggot and incidental insect pests, such as leafminers. In addition, these organic 
pest management treatments were evaluated for effects on apple diseases and 
yields in an organic apple orchard. These treatments plus combination treatments, 
including kaolin particle film plus sticky red spheres, and coloring bags plus sticky 
red spheres, were evaluated for their effect on yields and incidence of insect 
damage at harvest. 
Materials and Methods 
The organic apple orchard research was conducted at a certified organic 
apple orchard in Runnells, Iowa. Redfree, Jonafree, and Liberty cultivars, on dwarf 
rootstock Malling 9 and B9, were planted in a three-tier trellis wire system on 23 April 
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1997. Commercial harvest of apples on dwarf rootstock typically occurs three years 
after planting, which correlated with the 2000 growing season. 
Disease resistant apple cultivars were selected for this orchard because of 
the need for organic disease management. Six rows of 'Redfree', seven rows of 
'Jonafree' and seven rows of 'Liberty' trees were randomly planted by row of cultivar 
(Figure 1 ). Rows were orientated north/south and trees were planted on 2.43 X 4.25 
m centers. There were 18 trees planted in each row of trees. In the third year, 
4,480 kg ha-1 of compost was applied to the orchard on 17 March 2000. Six pest 
management treatments were utilized in this experiment. Treatments included a 
control, double-layer coloring bags (Wilson Irrigation, Yakima, WA), sticky red 
spheres (Gemplers, Beltsville, WI), kaolin particle film (Englehard Corp., lselin, NJ), 
kaolin particle film plus sticky red spheres, and coloring bags plus sticky red 
spheres. Each treatment was randomly assigned to one row of each cultivar. 
Coloring bags were placed on the apples on 6 - 12 June 2000, when the 
apples were approximately 1.5 - 2.5 cm in diameter. The outer layer of the coloring 
bags was removed one month before harvest and the inner layer was removed two 
weeks before harvest to allow for sufficient color change of the apples (Sessin, 
1998). 
Plastic red spheres were coated with Tangle-trap TM (Grand Rapids, Ml) and 
were placed on every third tree of the treatment row on 6 June 2000. Apple maggot 
populations were monitored on the spheres during insect sampling periods. 
Kaolin particle film was mixed according to the label rate of 28 kg kaolin 
particle film to 935 L water ha-1 using a backpack CO2 pressurize sprayer. The first 
32 
application of kaolin particle film was applied approximately 3 weeks after petal fall 
on 15 June 2000, with the final treatment applied 2 weeks before harvest for each 
cultivar. Final application of kaolin particle film occurred on 27 July on the Redfree 
trees. The Jonafree cultivar received a final application of kaolin particle film on 9 
August, while the final application on 'Liberty' trees was on 23 August 2000. 
Because it was known that Redfree is the earliest maturing cultivar of the 
three cultivars in the experiment, typically harvested around 7 - 14 August, the outer 
layer of the coloring bags were removed 13 July, and the inner layer was removed 
on 27 July 2000. The 'Jonafree' harvest normally occurs around 11 - 18 September. 
The outer layer of the coloring bags were removed 13 July, with the inner bag being 
removed 9 August 2000. The range for 'Liberty' harvest, in 1998 and 2000 was 18 -
25 September (Domoto et al., 1999). The outer layer of the coloring bags were 
removed 9 August, while the inner bag was removed 23 August 2000. 
Three codling moth pheromone traps (Pheroncon®, TRECE, Salinas, CA) 
were positioned in the orchard 23 May 2000 to monitor codling moth flights. These 
traps were checked for codling moths during the sampling dates of 19 July, 3 Aug., 
and 16 Aug. 2000. The codling moths in the traps were counted and removed to 
obtain an indication of the populations at that time. 
Five randomly selected apples and five randomly selected leaves per five 
trees of each treatment in each cultivar (5 trees= 5 replications) were examined 
every two weeks from 21 June until 30 Aug. A disease rating was recorded for each 
apple and leaf showing disease symptoms. The disease rating consisted of 1 = no 
symptoms of disease, 2 = 1-25% of leaf or apple showing disease symptoms, 
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3 = 26-50% of leaf or apple showing disease symptoms. There were no apples or 
leaves with >50% incidence of disease. Incidence of insect damage was recorded as 
number of "strikes" which were puncture wounds created by codling moth, plum 
curculio, or apple maggot and individual leafminer mines. Beneficial insects 
included predacious lady beetles, lacewings and syrphid fly larvae. Beneficial 
insects were enumerated in order to determine the impact of kaolin particle film on 
these insects. Sampling occurred every other week, on 21 June; 6 19 July; and 3 16 
30 August 2000. 
Fresh weight of total apples and number of apples per tree from five 'Redfree' 
and 'Jonafree' trees were recorded at harvest. Each apple from five trees was 
inspected for plum curculio and codling moth damage and the number of marketable 
fruit was determined. Apples were determined marketable if apples were ~8 cm in 
diameter and ~10% of the apple surface was blemished from insects or disease. 
Apples with insect feeding holes were considered unmarketable. This apple grading 
system was based on a system utilized by organic apple producers in the Midwest 
(R. Johnson, personal communication, 1999). Organic apples are marketed through 
local channels where consumers are purchasing organic apples on a routine basis. 
Variables were analyzed as a completely randomized split-plot model with 
cultivar as the whole-plot factor and pest management treatment, the sub-plot factor 
(SAS Institute, Cary, N.C.). Least significant differences (LSDs) at the 0.05 
significance level were calculated. 
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Results and Discussion 
The 2000 apple growing season was warmer and drier than normal. 
Precipitation was limited to 34 mm in May, compared with a normal rainfall of 101 
mm. The average high temperature for the month was 25°C (Agricultural 
Meteorology, 2000). Warmer temperatures led to an earlier apple harvest. The 
'Redfree' harvest occurred on 9 August 2000, which was within the early range of 
harvesting dates (Domoto et al., 1999). 'Jonafree' apples were harvested on 25 
August 2000, which corresponded to a 3 week earlier than average harvest date 
(Domoto et al., 1999). 'Liberty' harvest is typically 19 - 25 September (Domoto et al., 
1999). Due to dry weather and high winds, approximately 75% of the 'Liberty' 
apples had prematurely fallen at the designated time of harvest. Therefore, harvest 
data for the Liberty cultivar was not collected in order to avoid confusing aerial insect 
damage with ground insect damage. 
Apple diseases were not considered significant problems in the 2000 season. 
Fire blight was observed on some trees, but not within sampled leaves. Flyspeck 
and sooty blotch were observed on 'Jonafree' apples approximately 10 days before 
harvest. There was a significant effect of treatment and cultivar on disease incidence 
on leaves and apples, with kaolin particle film providing greater protection against 
diseases compared to the control in 'Jonafree' and 'Liberty' apples. No significant 
effect on disease was observed in the Redfree cultivar (Table 1 ). The treatment X 
cultivar interaction was significant for diseases on leaves and apples (Table 1 ). 
Incidence of pestiferous (leafminer, codling moth, or plum curculio) and 
beneficial insects varied significantly by cultivar during the growing season (Table 1 ). 
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Insect pests on 'Jonafree' leaves were lowest on trees treated with kaolin particle 
film plus sticky red spheres (0.80 ± 0.11 ), compared to 'Redfree' (1.59 ± 0.23) and 
'Liberty' (1.29 ± 0.14). Populations of beneficial insects were greater on the 'Redfree' 
and 'Liberty' leaves compared to 'Jonafree' leaves. With lower populations of 
pestiferous insects in the 'Jonafree' trees, less prey would have been available for 
predacious insects. Overall, there was no significant effect of kaolin particle film on 
beneficial insect populations compared to the control. 
There was a significant effect of treatment and cultivar on insect damage on 
apples, with a significant treatment X cultivar interaction (Table 1 ). There was 
greater insect damage on untreated 'Redfree' and 'Jonafree' apples compared with 
the apples treated with kaolin particle film over the entire season. 'Redfree' control 
apples had an average of 1.8 ± 0.2 insect strikes per apple compared to the kaolin 
particle film treatments with an average of 1.2 ± 0.2 insect strikes per apple (Table 
1 ). Untreated 'Jonafree' apples had an average of 1.3 ± 0.1 insect strikes per apple 
compared with kaolin particle film treatments averaging 0.7 ± 0.9 insect strikes per 
apple. There were no significant differences in insect damage on untreated 'Liberty' 
apples compared with apples treated with kaolin particle film. 
Because there were no apple maggot flies or larvae detected during the 2000 
season, the sticky red spheres should not have exerted any influence on total insect 
populations. When kaolin particle film and kaolin particle film plus sticky red spheres 
data were pooled and compared with the control, the only change from the unpooled 
data analysis occurred in leaf disease ratings, where cultivar effects were highly 
significant. 'Redfree' leaves treated with kaolin particle film had an average disease 
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rating of 1.60 ± 0.06, compared to 1.34 ± 0.05 for 'Jonafree' and 1.53 ± 0.05 for 
'Liberty'. 
Apple productivity, in terms of number of apples per tree, was significantly 
affected by pest management treatment (Table 3). There were significantly less 
apples per tree where coloring bags were utilized (18.8 ± 2.33), compared to the 
control (48.0 ± 6.06) and to the other treatments (43.80 ± 4.91 ). 'Redfree' apples 
grown in coloring bags averaged 22.6 ± 3.7 fruits per tree compared to kaolin 
particle film treated apple trees with 38.8 ± 6.6 fruits per tree. This effect was due to 
the manipulation of the apples during bag attachment and when bags were removed 
from the apple on two occasions. The extra manipulation may have caused 
weakening of the stem and resulted in an increased number of dropped apples 
throughout the growing season. Yields were not significantly affected by treatment or 
cultivar (Table 3). The mean harvest weight among all treatments was 5.2 ± 0.4 kg 
per tree, ranging from 3.4 to 8.0 kg per tree. The highest yielding fruits were 
harvested from 'Jonafree' trees treated with kaolin particle film (8.0 ± 0.8 kg per 
tree). 
There was a significant effect of treatment and cultivar on codling moth and 
plum curculio damage on harvested apples. The treatment X cultivar interaction was 
significant in the case of codling moth damage, but not for plum curculio damage 
(Table 3). Kaolin particle film provided the greatest protection from plum curculio 
damage in both cultivars. There were 4.6 ± 1.8 plum curculio strikes on 'Jonafree' 
apples treated with kaolin clay compared to 18. 7 ± 9.1 strikes in the control (Table 
3). Plum curculio damage was significantly less on 'Redfree' apples compared to 
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'Jonafree' apples (Table 3). There were an average of 5.1 ± 2.9 strikes on untreated 
'Redfree' apples compared to 1.6 ± 1.0 strikes in the kaolin clay plus red sphere 
treatment (Table 3). 
When the data were pooled and compared as kaolin particle film treatments 
vs. coloring bag treatments vs. the control, there was a significant treatment X 
cultivar interaction for plum curculio damage (Table 4). Overall, there were less 
apples damaged by plum curculio in the combined kaolin clay treatments compared 
to the control , with lowest incidence occurring in the 'Redfree' apples (Table 3). 
Regarding codling moth damage in harvested apples, treatments, cultivars, 
and treatment X cultivar interactions significantly affected the percentage of apples 
damaged by codling moths in unpooled and pooled data (Tables 3 and 4). There 
was a significantly greater level of protection from the codling moths in 'Jonafree' 
apples in the coloring bags, coloring bags plus sticky red spheres, kaolin particle 
film , and kaolin particle film plus sticky red spheres treatments, compared with the 
control and sticky red spheres treatments (Table 3). As observed with plum curculio 
damage, 'Redfree' apples had significantly less damage from codling moth 
compared to 'Jonafree' apples. The three codling moth pheromone traps indicated a 
codling moth flight around 19 July, although most likely not the first flight, and 
another flight around 16 August 2000 (Table 5). The 'Redfree' trees were harvested 
9 August, escaping the later flight of codling moths. This may explain the greater 
percentage of codling moth damage in the 'Jonafree' apples compared with 'Redfree' 
apples. It is likely that there would be greater codling moth damage in 'Liberty' 
apples compared with 'Redfree' and 'Jonafree' apples, because the predicted 
38 
'Liberty' harvest date of 25 Sept. would have provided a longer exposure to codling 
moth populations. 
The percentage of marketable fruit at harvest was affected by treatment and 
treatment X cultivar interactions in the unpooled and pooled data (Tables 3 and 4). 
Coloring bags plus sticky red spheres had the highest percentage of marketable fruit 
(89.0 ± 3.2%). Apples receiving no treatment had the lowest percentage of 
marketable fruit (78 ± 3.9%) (Table 3). There were 83.2 ± 2.8% marketable apples 
per tree in trees treated with the combined kaolin clay treatments compared to 69.4 
± 3.6% in the control (Table 4). The combined coloring bag treatments provided the 
greatest percentage of marketable fruits (88.7 ± 2.3%). 
In summary, selection of cultivar in an organic apple orchard appears to affect 
the level of insect damage on leaves during the growing season and plum curculio 
damage ratings at harvest. Organic pest management treatments also significantly 
affected plum curculio damage ratings at harvest. Cultivar X treatment interactions 
were significant for incidence of disease and pestiferous insects during the growing 
season, codling moth damage ratings at harvest, and percentage of marketable fruit. 
Kaolin particle film and coloring bags were effective in protecting against insect 
damage on 'Redfree' and 'Jonafree' apples. There was no effect on yields in either 
the Redfree or Jonafree cultivars from the treatments applied in this experiment. 
Overall marketability was not improved by the treatments in the Redfree cultivar, but 
marketability was improved in the 'Jonafree' apples. One explanation for this 
outcome could be related to the maturity dates of these cultivars. Since 'Redfree' is 
an earlier maturing cultivar, apples would be exposed to less insects and disease 
39 
organisms over time, thus lowering overall pest damage ratings. In addition, the 
effectiveness of the kaolin particle film may not have been fully realized in Redfree 
cultivar due to the late starting date of the applications. Overall marketability was 
greatest in the Jonafree cultivar where the coloring bags or kaolin particle film were 
used. 
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CHAPTER 3. THE EFFECT OF ORGANIC PRACTICES ON MICROBIAL 
CONTAMINATION IN APPLE CIDER AND WHOLE APPLES 
A paper to be submitted to the Journal of Food Protection 
Heather Friedrich, Lester Wilson and Kathleen Delate 
Abstract 
Apple cider production is an important source of value-added and recoverable 
income for organic and conventional apple growers. While there has been great 
support generated towards the organic agriculture industry over the last 10 years, 
some concerns have recently been raised regarding microorganism levels in organic 
produce. Two experiments were conducted to determine the effect of organic 
practices on food quality in organic apples compared with conventional apples. 
Experiment one compared the microbial quality of organic and conventional apple 
cider by determining populations of coliforms, Escherichia coli, yeasts and molds. 
Experiment two investigated the microbial populations on organic apples, to 
determine the effect of organic management practices on microbial populations. In 
experiment one, no E. coli colonies were found in four organic and conventional 
apple cider samples in 1999 or 2000. Very few coliforms were found in 1999 or 
2000 as well. Overall, there were no significant differences in coliform, E. coli, yeast 
and mold populations between organic and conventional apple cider samples in 
1999 and 2000. In experiment two, apples treated with coloring bags for protection 
against two key pest in apples contained significantly lower levels of yeast and mold 
populations compared with apples treated with kaolin particle film. No E.coli and 
very few coliforms were observed on the organic apples. 
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Introduction 
The production of apple cider is important to organic and conventional apple 
growers because it is a source of value-added and recoverable income. Cider 
production allows growers to utilize apples that do not meet USDA standards for 
grade (i.e., lower aesthetic quality of the apple due to blemishes, small size or 
deformations). In recent years, there have been concerns about the microbial safety 
of apple cider because of cases of foodborne illnesses, due to contaminated apple 
cider (Besser et al., 1993; CDC, 1997). In the U.S., the Center for Disease Control 
estimates that there are about 75 million cases of food poisoning each year (CDC, 
1997). Due to the increase of food borne illnesses from apple cider, the FDA 
published regulations in 1998, requiring a warning label on cider not treated for a 5-
10910 reduction in microorganisms (FDA, 1998a). A 5-10910 reduction signifies a 
100,000-fold reduction of microbial organisms. In 1998, the FDA also released a 
guide for producers and processors that outlined good agricultural practices (GAPs) 
and good manufacturing practices (GMPs) to help minimize opportunities for 
microbial contamination (FDA, 1998). In January 2001, the FDA passed rules to 
require Hazard Analysis, Critical Control Points (HAACP) programs in all juice 
processing facilities by 2004 (FDA, 2001 ). 
There has been great consumer interest in organic foods over the past 
decade, propelling the organic industry to a 20% annual growth rate (OTA, 1999). 
While many consumers are supportive of the organic industry, other consumers rely 
on statements regarding detrimental effects of organic foods on human health 
(Avery, 1998). Some concerns have been raised that organic produce may contain 
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more microorganisms compared to conventional produce and that organic 
consumers are at an increased risk of food borne illness from compost or manure 
used for plant fertilization . When raw animal manure is improperly handled, it can be 
a potential source of pathogenic E. coli which lives in the intestinal tract of many 
mammals (Jay, 2000). Most organic farmers compost manure to temperatures of 
60°C for three days to kill pathogenic organisms. Strict laws are in place that 
prohibit the application of raw manure to a horticultural crop four months prior to 
harvest (IDALS, 1999). Food grown according to the USDA organic standards must 
also pass USDA food quality regulations. 
Coliforms have been used as "indicator organisms" to test food quality. The 
Escherichia genera, along with Citrobacter, Enterobacter, and Klebsiella, are 
coliform bacteria in the Enterobacteriaceae family. If coliforms are found, it is 
assumed that related organisms may be present (Silk et al. , 1997). One type of 
coliform bacteria, Escherichia coli, has been used to measure fecal contamination in 
water. Escherichia coli is a natural inhabitant of the intestinal tract of most warm-
blooded animals and some strains (E. aerogenes) primarily live in vegetation (Jay, 
2000). E. coli has the ability to survive in a variety of conditions and can live outside 
the host for several weeks (Fischer and Golden, 1998). 
E. coli O157:H? became recognized as a foodborne pathogen in 1982 in the 
U.S., after an outbreak of foodborne illnesses from undercooked hamburgers (Riley 
et al., 1983). 
E. coli O157:H? contamination has been a concern for apple cider producers 
because, if present, E.coli may cause serious problems, including an individual's 
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death from complications due to E. coli food poisoning from an unpasteurized apple 
juice drink (FDA, 1996). Recalling a product due to contamination can be very 
expensive because the product line may be lost, along with litigation and fines that 
may be implemented (Modeland, 1988). The reputation of a business, following a 
recall, can have detrimental effects that can last for years. 
Yeasts and molds are spoilage organisms that affect the shelf life of apple 
cider. When yeast and mold levels reach 107 CFU per ml, quality of the cider, in 
terms of flavor, odor, and color, is impaired (Mendonca, 1999). 
The purpose of experiment one was to compare the microbial quality of 
organic and conventional apple cider by determining populations of coliforms, E. coli, 
yeasts and molds. In order to determine the effect of organic management practices 
on microbial populations, experiment two examined the microbial populations on 
whole apples grown in the research experiment previously described in Chapter 2. 
Materials and Methods 
Experiment 1. Because organic apple cider was not produced in Iowa, 
organic apples were obtained from an organic apple orchard in central Iowa, and 
processed into apple cider at Iowa State University. Conventional apple cider 
samples were obtained from a conventional apple orchard in eastern Iowa. 
On 22 Sept. 1999, organic apples were processed into cider in the Center for 
Crops Utilization Research Pilot Plant, in the Food Science Department at Iowa 
State University. Apples were washed under running water and insect blemishes 
were removed with a knife. The apple press (Day Equipment Corp., Goshen, IN) at 
Iowa State University consists of a hammer mill and a hydraulic press. The press 
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uses wooden slats and cloth bags to press the juice from the apples. Cloth bags 
were sanitized in boiling water and wooden slats were sanitized with a 10% bleach 
solution prior to use. Unpreserved, unpasteruized conventional apple cider samples 
were obtained on 25 Sept. 1999. These samples were frozen at -15°C until 
microbial analysis was conducted. In 2000, organic apples were obtained on 
8 Sept., and 18 and 19 Oct. and made into cider on the following day. Conventional 
cider samples were obtained on 9 Sept. and 21 Oct. (2 samples on 21 Oct. 2000). 
Samples were covered and stored in the refrigerator at 1 °C until testing began. 
Yeast, mold, and coliform/E.coli testing began on 11 Sept., and 23 Oct, 2000. 
In 1999 and 2000, each sample was tested for total coliform count, 
occurrence of E. coli, and yeast and mold counts. In preparation for testing, the 
samples were diluted , in duplicate, in a 0.1 % peptone broth (Difeo Laboratories, 
Detroit, Ml). Two dilutions, 1 o0 and 10-1, were used in the E. coli and coliform 
analysis. Four dilutions, 10-1, 10-2, 1 o-3, 1 o-4, were used in the enumeration of yeast 
and molds. Duplicate samples were used in this experiment. The remainder of the 
methods are described below, in Experiment 2. 
Experiment 2. Four randomly selected apples of marketable quality, grown in 
central Iowa in 2000, were collected directly from trees treated with organic pest 
management techniques, in each of three cultivars. Apple cultivars included 
Redfree, Jonafree, and Liberty. 'Redfree' apples were collected on 14 Aug.; 
'Jonafree' apples were collected on 30 Aug.; and 'Liberty' apples were collected on 
14 Sept. 2000. Treatments consisted of coloring bags (Fuji bags, Wilson Irrigation 
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and Orchard Supply, Yakima, WA), kaolin particle film (Surround™ WP Crop 
Protectant, Engelhard Corp., lselin, NJ) and the untreated control. 
Each apple was placed individually into a sterile bag. Samples were placed in 
a cooler for transport to Iowa State University. Individual, unwashed, whole apples 
were shaken in 100 ml of 0.1 % peptone broth for 2 minutes. The solution was 
diluted to 1 o0 and 10-1 for E. coli and coliform counts. Yeast and mold counts were 
taken on solutions diluted to 10-1, 10-2, 1 o-3, 10-4 concentrations. Duplicate samples 
were used in this experiment. 
In experiments 1 and 2, coliform and E. coli levels were enumerated using 3M 
Petrifilm (3M Microbiology Products, Minneapolis, MN) E. coli/Coliform Count 
Plate TM, following label directions. Incubation time and temperature followed AOAC 
Official Method 991.14. The plates were incubated for 24 hours at 35°C, then 
incubated for an additional 24 hours and observed for any changes. Interpretation of 
the petrifilm followed E. coli/Coliform petrifilm label directions and followed AOAC 
Official Method 991.14. Blue to red-blue colonies that were associated with gas were 
counted as E. coli colonies. Red colonies associated with gas were counted as 
coliform colonies. 
Experiments 1 and 2 utilized 3M Petrifilm Yeast and Mold Count Plates™ (3M 
Microbiology Products, Minneapolis, MN) to determine the population of yeast and 
molds in the cider samples and on whole apples. Label directions for Petrifilm Yeast 
and Mold Count Plates TM were followed for dispensing the samples onto the 
petrifilm. The yeast and mold petrifilm were incubated at 20 - 25°C and examined at 
3 and 5 days. Label directions were used for the enumeration of colonies. Yeast 
58 
colonies were small and defined in shape, and colored blue-green or off-white. Mold 
colonies are usually larger and more diffuse than yeast colonies, and can be various 
colors. Data was analyzed as a paired comparison using at-test (SAS, Institute, 
Cary, N.C.). 
Results and Discussion 
Because there were visual similarities between the yeast and mold colonies 
on the Yeast and Mold Count Plate TM, a total population of yeast and mold colonies 
was determined. 
Experiment 1. There were no significant differences in yeast and mold 
populations between organic and conventional cider samples in 1999 and 2000. In 
1999, the average yeast and mold count, for both the organic and conventional cider 
samples, was 10.0 ± 10.0 CFU/ml for the organic samples and 10.0 ± 0.0 CFU/ml for 
the conventional samples (Fig. 1 ). In 2000, the organic samples had an average of 
2,916.0 ± 630.0 CFU/ml of yeast and mold colonies and the conventional samples 
had an average of 1,700.0 ± 193.0 CFU/ml of yeast and mold colonies (Fig. 2). The 
yeast and mold counts in 1999 were extremely low compared to 2000 samples. 
Samples taken in 1999 were stored at -20°C until testing. Because microorganisms 
can be killed during the thawing process, we thawed the samples in warm water (A. 
Mendonca, personal communication, 1999). Upon comparison to the 2000 samples, 
which were tested immediately, it appears that some damage to microbial 
populations had occurred in the 1999 samples, 
Few coliforms were found in both years and no E. coli colonies were 
determined in the organic or conventional samples in 1999 and 2000. In 1999, no 
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coliforms were found in any cider samples. In 2000, the conventional sample 
contained 530 CFU/ml and the organic sample contained 1 CFU/ml in the 11 Sept 
sample (Fig. 3). When this day was analyzed alone, the conventional sample had 
significantly greater levels of coliforms than the organic cider sample. No other 
coliforms were found in the remaining 2000 samples. When all dates were analyzed 
together, there were no significant differences in coliform populations between 
organic and conventional apple cider (Fig. 4 ). 
The level of microorganisms found in these apple cider samples were 
comparable to the level of microorganisms in commercial apple cider produced in 
Iowa (A. Cummins, personal communication, 2000). The level of yeast and mold in 
conventional, unpasteurized apple cider with no preservatives found by Cummins 
(2000) was 15,000 - 550,000 CFU/ml. 
Overall , comparable microbial populations were found in samples tested in 
this study, with no significant differences between the organic and conventional cider 
samples. Because yeast, molds, and bacteria are a natural part of the environment, 
these microorganisms may also be found in food. Pasteurizing apple cider is an 
option available to conventional and organic processors but it is not an absolute 
solution and is an expensive option for small processors (Kozempel et al., 1998). 
Even when pasteurizing is used, proper sanitation must still be used, in order to 
prevent recontamination. Good manufacturing practices (GMPs) are essential for 
safety of the workers and the product. With the new FDA ruling on cider, all juice 
processing facilities will be required to employ a HAACP program by 2004 (FDA, 
2001 ). Critical control points should be determined, monitored and adjusted, if 
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needed, to ensure final product quality. Implementing HACCP programs into all 
apple processing facilities in Iowa constitutes on-going efforts at the Food 
Science/Human Nutrition Department at Iowa State University (L. Wilson, personal 
communication, 2001 ). 
An alternative to pasteurizing cider includes processing cider into hard cider. 
E. coli bacteria survive only a few days in ethanol (Semanchek and Golden, 1996). 
Alternating freezing and thawing cider may achieve a 5-log reduction in 
microorganisms (Uljas and Ingham, 1999). Since this method does not use heat, 
flavor and nutrient changes are retained. 
Experiment 2. When microbial counts were initiated immediately after harvest 
and transport to the Food Science Department, Iowa State University, no coliform or 
E. coli colonies were observed on the control, coloring bags or kaolin particle film-
treated 'Redfree' and 'Jonafree' apples. There were significantly greater yeast and 
mold populations on 'Redfree' apples treated with kaolin particle film (68,375 ± 8,577 
CFU/apple), however, compared with coloring bags (47,625 ± 4,044 CFU/ apple) 
(Fig. 5) and the control apples (51,375 ± 3,380 CFU/ apple). 
Yeast and mold populations were greater in the 'Jonafree' apples compared 
with 'Redfree' apples. The 'Jonafree' apples in the kaolin particle film treatment had 
significantly higher microbial populations compared with the control and coloring 
bags treatments (Fig. 6). 
One of four 'Liberty' apples, in the control treatment, was found to have 
coliform colonies (225.0 ± 95.0 CFU/apple ). The population of yeast and mold was 
significantly less in 'Liberty' apples in the coloring bags treatment compared with the 
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control and kaolin particle film treatments (Fig. 7). Apples treated with coloring bags 
had an average of 75,000 ± 12,817 CFU/apple of yeast and molds compared with 
apples treated with kaolin particle film (313,750 ± 30,292 CFU/ml). 
The microbial levels found on these unwashed, whole, organic apples were 
comparable to the microbial levels of unwashed, whole, conventional apples in Iowa, 
in a current study in the Food Science Department at Iowa State University 
(A. Cummins, personal communication, 2001 ). The range of yeast and mold on the 
apples in the Iowa State study was 20,000 - 12,000,000 CFU/apple and the range of 
coliform populations was 100 - 100,000 CFU/apple (A. Cummins, personal 
communication, 2001 ). 
The greatest differences in microbial populations, within a cultivar, were found 
between coloring bags and kaolin particle film treatments. Coloring bags serve as a 
physical barrier around the apple, which is established early in the season. Very few 
insect, disease, or foodborne microbial organisms can enter through the bag. Thus, 
microbial populations may be less in coloring bags because there is little opportunity 
for microorganisms to colonize the apples. Kaolin particle film also creates a 
physical barrier around the apple. Kaolin particle film treatments are applied early in 
the season and continue every 7 to 14 days. Any microorganisms that accumulate 
on the apple between applications may be "trapped" between the layers of kaolin 
particle film and may appear in microbial analysis of the whole apple, after harvest. 
Because the apple flesh is protected by the kaolin particle film treatment, peeling 
apples may decrease microbial contamination in the kaolin particle film treatment. 
Washing produce before consumption, however, is imperative for all fresh produce 
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in order to avoid any foodborne pathogens and reduce populations of spoilage 
microorganisms. 
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Figure 1. Yeast and mold populations in 1999 cider samples. 
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Figure 6. Yeast and mold populations on 'Jonafree' whole apples. 
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CHAPTER 4. THE EFFECT OF ORGANIC PRACTICES ON FOOD QUALITY IN 
SOYBEANS 
A paper to be submitted to the Journal of Food Science 
Heather Friedrich, Lester Wilson, and Kathleen Delate 
Abstract 
Many organic consumers believe that organically grown foods are healthier 
than conventionally grown foods, but there have been relatively few studies to 
support this hypothesis. Organic food production decreases the possibility of 
pesticide residues in the food system because synthetic pesticides are not allowed 
in certified organic production. No previous organic and conventional food 
comparative experiments have examined tofu quality. The objective of this research 
was to determine if food quality differences existed between organic and 
conventionally grown soybeans in Iowa. Organic and conventional tofu were 
compared in terms of macro-constituents (protein, fat, carbohydrate), micro-
constituents (zinc and iron), and phytochemicals (isoflavones and phytates). No 
significant differences were found between organic and conventional tofu in protein, 
fat, carbohydrates, zinc, iron , isoflavones and phytates in 1998 or 1999. 
Introduction 
Many organic consumers believe that organically grown foods are healthier 
than conventionally grown foods. There have been relatively few studies done to 
support this hypothesis. Because synthetic pesticides are not permitted in organic 
production, many consumers purchase organic food in order to avoid toxic residues 
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in their food (Consumers Union, 1998). Organic certification theoretically eliminates 
the possibility of pesticide residues due to the prohibition of pesticides in production, 
harvest or post-harvest processing. Certification laws in Iowa require a 30 foot 
border from conventional fields to separate effects of conventional practices (IDALS, 
1999). This border will minimize, but may not completely eliminate, the risk of 
chemical drift from conventional fields or pollen from genetically modified organisms 
(GMOs). 
Many consumers purchase organic foods because of environmental 
concerns. Organic production has been shown to improve soil quality and nutrient 
cycling with soil-building crop rotations and cover crops (Scow et al., 1994 ). Organic 
agriculture also supports biodiversity (Altieri, 1995), and has less impact on natural 
resources (Youngberg et al., 1984). 
Nutrition is another area of importance to organic consumers. Research 
comparing nutritional values of organic and conventional foods has been 
inconsistent to date. An extensive literature review (Woese et al., 1997) examined 
150 studies, published between 1926 and 1994, comparing organic and 
conventional foods. The authors concluded that it was difficult to generalize on the 
nutritional superiority of organic or conventional foods due to inconsistent results and 
insufficient sample sizes in many of these studies. Some trends worth noting were 
identified in the vegetable studies, however. Conventional vegetables typically 
contained greater nitrate levels than organic vegetables. Organic vegetables were 
consistently higher in dry matter than conventional vegetables (Woese et al., 1997). 
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Other studies have compared yields and nutritional content of organic and 
conventional crops. A general assumption includes a reduction in yield when 
systems utilize a natural source of nitrogen, such as manure, cover crops, and 
biological fertilizers, compared with synthetic sources. Iowa State University 
research has shown no statistical differences in yields between organic and 
conventional bell pepper, corn and soybean production (Delate and Lawson, 1999; 
2000; Delate and Gambardella, 1999; 2000). 
A post-harvest study on organic and conventional 'Cortland' and 'McIntosh' 
apples determined that greater levels of degradation occurred in organic apples 
compared with conventional apples after four months in controlled atmosphere 
storage (DeEII and Prange, 1993). Research at Iowa State University, however, 
demonstrated statistically greater numbers of culled bell peppers due to insect or 
disease damage in chemically fertilized plots compared to organic plots (Delate and 
Lawson, 2000). There were also fewer organic peppers than conventional peppers 
discarded due to blemishes, after three weeks of storage (Delate and Lawson, 
2000). 
Organic soybeans are an economically important crop for Iowa organic 
farmers as soybeans provide the largest premium for grain crops in the organic 
industry. Soy products and soy derivatives have become significant ingredients in 
the food industry because of functional properties that soy offers. Although the U.S. 
population has only increased consumption of soy products in recent years, other 
countries consume soy products as a staple food. 
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The importance of soy extends beyond its versatility as a functional food. 
Experimental research has implicated phytates, and isoflavones, especially genistein 
(Fukutake et al., 1996), in the suppression of carcinogenesis (Kennedy, 1995). 
lsoflavones are found in low levels in many plant foods but soybeans contain 
substantial levels of isoflavones (Wang and Murphy, 1994 ). lsoflavones are 
antioxidants (Nairn et al., 1976), antiestrogens (Adlercreutz et al., 1986), and 
tyrosine kinase inhibitors (Akiyama et al., 1987) that prevent and combat the 
advancement of many cancers (Wang and Wixon, 1999). The twelve isoflavones 
found in soybeans include daidzein , daidzin, genistein , genistin, glycitein, glycitin, 6"-
0-malonyldaidzin , 6"-0-malonylgenistin, 6"-0-malonylglycitin, 6"-0-acetyldaidzin, 6"-0-
acetylgenistin, and 6"-0-acetylglycitin (Wang and Murphy, 1994 ). 
Tofu can be made from any variety of soybean but the majority of the 
population in Japan and the U.S. prefer tofu made from clear hilum varieties of 
soybeans (Murphy et al., 1997). Tofu production is a meticulous process, which has 
not easily lent itself to standardization. There are many factors that affect the final 
quality of tofu. In addition to soybean variety, the quality of the soybeans and the 
environment in which the beans are stored may affect the quality of the tofu 
(Wilson et al., 1992). The solids of the soymilk, removal of the okara, heating 
temperature, the concentration and type of coagulant used, and the experience of 
the processor are all important processing factors to consider (Wilson et al., 1992). 
Research from North Dakota suggests that climatic influences may have an 
important effect on tofu quality (Helms et al., 1998). Murphy and Resurreccion 
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(1984) determined that the environment had greater effect than genotype on the 
concentration of the isoflavone, glycinin. 
No previous organic and conventional food comparative experiment has 
examined tofu quality. The objective of this research was to isolate food quality 
differences between organic and conventionally grown soybeans in Iowa by 
comparing organic and conventional soybeans and tofu in terms of macro-
constituents (protein, fat, carbohydrate), minerals (zinc and iron), and 
phytochemicals (isoflavones and phytates ), 
Materials and Methods 
Soybeans utilized in the tofu production for this research were harvested from 
the 1998 and 1999 organic and conventional agricultural plots at the Neely-Kinyon 
Long-Term Agroecological Research (L TAR) site. L TAR sites are designated by the 
Leopold Center for Sustainable Agriculture for long-term research on organic 
practices (Delate and Camberdella , 1999). Soybeans developed at Iowa State 
University, specifically for the tofu industry, were grown and processed into tofu for 
this study. The soybean variety in 1998 was IA 2034, and in 1999 the variety was IA 
3006. Although the varieties are different, they have similar pedigrees. The large 
seeded variety, LS301, is contained in the pedigree of both varieties (W. Fehr, 
personal communication, 2000). 
In 1998 and 1999, organic soybeans and conventional soybeans were 
randomly collected from grain wagons at the Neely-Kinyon Farm after harvest on 
10 Oct. 1998 and 1999. Four replications of soybean samples were collected from 
each system and stored at 4°C, 70% RH until processing. Soybeans were 
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processed into tofu on 9 and 22 June, 1999, and on 10 and 27 July, 2000. Tofu was 
processed in 900 g batches, using the kettle method described by Moizuddin et al. 
(1999). The coagulant used in this method was nigari (0.015N) (PID, Los Angeles, 
CA), in place of calcium sulfate, due to increasing consumer interest in seaweed-
derived foods. Following tofu production, the tofu was freeze-dried in a model 
Unitrap II unit (Virtis Co., Gardiner, NY) and stored until testing. All analyses were 
conducted on freeze-dried tofu. 
Proximate analysis was used to determine fat, protein, and carbohydrate 
content of the tofu, on a dry weight basis. The protein content of the tofu was 
determined by using total Kjeldahl nitrogen analysis, in the Plant Nutrition 
Laboratory, Department of Horticulture, Iowa State University. With modifications to 
the micro-Kjeldahl digestion method described by Nelson and Sommers (1980) and 
Jones (1991 ), total N was determined, using a Thermo Jarrell-Ash ICP/IRIS with a 
charged injection devise (Epperson et al., 1988). Protein conversions were 
determined by multiplying the grams of nitrogen by 6.25. Fat content was 
determined by distilling the tofu using the Goldfishe method (AACC, 1983). 
Carbohydrates were quantified (on a dry-weight basis) by subtracting the percentage 
of fat and protein from 100. 
Near infrared transmittance (NIR) was measured with a Foss lnfratec 1229 
(Foss North America, Eden Prairie, MN) to determine protein, oil, and carbohydrate 
in whole soybeans. NIR was conducted in the Grain Quality Lab, Iowa State 
University, Ames, Iowa. 
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Quantification of twelve isoflavones was conducted with a Beckman System 
Gold HPLC unit (Beckman Instruments, Inc., San Ramon, CA) using the method of 
Murphy (1981 ). Phytate content was determined by anion-exchange, according to 
Harland and Oberleas (1986). The control was red wheat bran, with a 3.0 ± 0.3% 
phytate level. Zinc and iron were determined by atomic absorption, with acid 
digestion, following AOAC method 985.35. Data was analyzed as a paired 
comparison using at-test (SAS, Institute, Cary, N.C.). 
Results and Discussion 
In the 1998 and 1999 organic and conventional tofu samples, there were no 
significant differences in fat, protein and carbohydrates (Table 1 ). These results 
were comparable with the soybean grain analysis conducted in 1998 and 1999 
(Table 2). Soybean grain analysis in 1999 demonstrated no significant differences 
between conventional and organic systems, with an average protein content of 
40.8-41.8% in the organic system. Protein levels in 1999 were greater than the 
1998 average of 39% (13% moisture). Tofu manufacturers prefer a 40+% protein 
content. 
There were no significant differences detected among the 12 isoflavones that 
were tested in the organic and conventional tofu samples in 1998 and 1999 (Tables 
3 and 4 ). No significant differences were evident in phytates between the 
conventional and organic tofu samples in 1998 and 1999 (Table 5). 
Plant tissue samples from soybean plants in 1998 indicated that zinc 
concentration in conventional tissue was 44.5 ± 3.1 ppm and organic soybean tissue 
contained 45.6 ± 2.1 ppm zinc (Delate and Gambardella, 1999). The conventional 
76 
plants contained 167.5 ± 19.4 ppm iron while organic soybeans contained 203.8 
±10.9 ppm. There were no significant differences in these minerals, however. As 
was observed in the soybean plant tissue, there were no significant differences in 
zinc and iron content between conventional and organic tofu samples from 1998 and 
1999 (Table 5). All micro- and macro-constituents were within normal ranges. 
The results of this research indicated that the conventional and organic 
soybeans and tofu in this study did not differ in macro- and micro-constituents, and 
in the phytochemicals analyzed in this research. It may be possible that 
environmental conditions exhibit more influence than management practices and 
because soybeans were grown under the same climatic conditions, the tofu, 
therefore, exhibited no differences in composition of protein, fat, carbohydrate, 
isoflavones, phytate, and zinc. 
The first year of transitioning organic production is often the most challenging. 
First-year results from the Neely-Kinyon L TAR site (Delate and Cambardella, 1999), 
where these soybeans were grown, however, indicated that there were no significant 
differences in yield between the organic and conventional soybeans. In 1998, 
organic soybeans yielded 3.28 ± 0.12 Mg ha-1 and conventional soybeans yielded 
3.29 ± 0.10 Mg ha-1 (Delate and Cambardella, 1999). Second-year results from the 
Neely-Kinyon L TAR site also demonstrated no significant differences in yields 
between the organic and conventional soybeans. Organic soybeans in 1999 yielded 
3.18 ± 0.10 Mg ha-1 , while conventional soybeans yielded 3.29 ± 0.08 Mg ha-1 
(Delate and Cambardella, 2000). Because the organic system was established on a 
4-year crop rotation, changes in soybean nutritional components may occur in later 
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harvests (year 5+) when soils in organic production reach equilibrium. We will 
continue to monitor for these changes in the long-term research plots. 
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Table 1. Protein, fat and carbohydrate level in freeze-dried tofu samples. 
Year System % Protein % Fat % Carbohydrate 
1998 Conventional 55.45 ± 0.52 27.17±0.25 17.25 
1998 Organic 56.45 ± 0.48 26.8 ± 0.56 17.66 
LSD o.o5 z NS NS NS 
1999 Conventional 55.55 ± 0.67 27.2 ± 0.25 17.16 
1999 Organic 55.25 ± 1.45 26.8 ± 0.55 17.89 
LSD o.o5 z NS NS NS 
z Comparing treatments within the same year. 
Table 2. Soybean grain analysis ( 13% moisture) in 1998 and 1999 soybeans. 
Year System % Protein %Oil % Fiber 
1998 Conventional 39.51 ± 0.42 16.43 ± 0.25 4.36 ± 0.04 
1998 Organic 39.52 ± 0.23 16.49 ± 0.18 4.35 ± 0.03 
LSD o.o5 z NS NS NS 
1999 Conventional 40.65 ± 0.25 15.49 ± 0.32 4.69 ± 0.08 
1999 Organic 41.39 ±0.25 15.55 ± 0.05 4.58 ± 0.05 
LSD o.o5 z NS NS NS 
z Comparing treatments within the same year. 
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Table 3. 1998 lsoflavone concentration in conventional and organic freeze-dried 
tofu. 
lsoflavone Conventional Organic P>F 
Mean± SE Mean± SE 
(µg/ml) (µg/ml) 
Daidzin 89.13 ± 5.68 84.23 ± 10.41 0.69 
Glycitin 35.00 ± 1.78 34.50 ± 2.63 0.88 
Genistin 143.75±8.13 146.25 ± 17.00 0.90 
Daidzein 40.08 ± 4.21 51.10±5.90 0.18 
Glycitein 13.75±1.11 16.63 ± 1.03 0.11 
Genistein 48.03 ± 6.47 61.85 ± 6.64 0.19 
Malonyldaidzin 132.63 ± 4.60 120.13±12.33 0.38 
Malonylglycitin 29.75 ± 1.18 28.25 ± 1.69 0.49 
Malonylgenistin 166.19 ± 4.42 159.37 ± 13.91 0.66 
Acetyldaidzin 18.38 ± 2.54 9.50 ± 5.49 0.19 
Acetylglycitin 0.0 ± 0.0 0.0 ± 0.0 0.0 
Acetylgenistin 34.50 ± 3.07 35.50 ± 0.89 0.76 
z Comparing organic vs. conventional treatments . 
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Table 4. 1999 isoflavone concentration in conventional and organic freeze-dried tofu . 
lsoflavone Conventional Organic P>F 
Mean± SE Mean± SE 
(µg/ml) (µg/ml) 
Daidzin 191 .00 ± 11.44 187.25 ± 8.92 0.80 z 
Glycitin 36.50 ± 2.40 34.25 ± 1.53 0.46 
Genistin 274.00 ± 16.56 273.5 ± 8.67 0.98 
Daidzein 76.46 ± 7.87 69.11 ± 5.79 0.48 
Glycitein 13.75 ± 0.75 12.87 ± 0.72 0.43 
Genistein 82.64 ± 24.72 90.25 ± 7.59 0.78 
Malonyldaidzin 249.00 ± 20.55 256.00 ± 15.85 0.80 
Malonylglycitin 30.25 ± 1.11 28.75 ± 1.37 0.43 
Acetyldaidzin 17.25 ± 0.85 9.37 ± 5.41 0.20 
Acetylglycitin 0.0 ± 0.0 0.0 ± 0.0 0.0 
Acetylgenistin 33.25 ± 1.25 36.63 ± 1.43 0.13 
z Comparing organic vs. conventional treatments. 
84 
Table 5. Phytate, zinc and iron concentrations in freeze-dried tofu samples. 
Year System Phytate (g/1 00g) Zinc (ppm) Iron (ppm) 
1998 Conventional 1.84 ± 0.38 67.53 ± 2.27 77.71±1.15 
1998 Organic 2.33 ± 0.06 60.14 ± 5.32 78.26 ± 2.22 
LSD o.o5 z NS NS NS 
1999 Conventional 2.18 ± 0.07 62.00 ± 9.58 81.37 ± 2.05 
1999 Organic 1.94 ± 0.23 66.89 ± 12.54 67.51 ± 11.32 
LSD o.o5 z NS NS NS 
2 Comparing treatments within the same year. 
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CHAPTER 5. GENERAL CONCLUSION 
In my research, I have examined the effect of organic management practices 
on food quality. The beneficial effects of organic management have been 
documented for soil (Scow et al., 1994; Reganold et al., 2001 ), plant health (Delate 
and Lawson, 1999; 2000) and yield (Delate and Gambardella, 1999; 2000). 
Relatively few studies have been conducted to determine the effects of organic 
management practices on food quality determined by nutrient content and microbial 
contaminants. Most of the studies examining nutrient content have been conducted 
on fresh vegetables (Woese et al., 1997). From the results of my research, I 
conclude that organic management practices did not affect food quality negatively, 
by increasing harmful microbial populations or decreasing nutrient content. 
Organic tofu was not significantly different compared to conventional tofu in 
protein, carbohydrates, fat, and isoflavone levels. Organic apple cider samples were 
not significantly different than conventional apple cider samples in yeast, mold and 
coliform populations. There were no E. coli colonies found in any of the cider 
samples. 
Some certified organic practices, such as the use of coloring bags in apples, 
can protect the apples from insect damage while also mitigating microbial loads. In 
my research and in other research (Thomas, 2000), kaolin particle film for insect and 
disease management has proven to be effective against codling moth and plum 
curculio. Some disease prevention has been shown for flyspeck and sooty mold 
(Thomas, 2000). My research demonstrated the effectiveness of the organic pest 
management techniques in mitigating these diseases in the Jonafree apple cultivar. 
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I believe there are some obstacles to nutrient research comparing organic 
and conventional foods. Because there are so many foods that are available in our 
diet, a small sample size of two foods may not represent an adequate comparison. 
Because there are many vitamins, minerals, amino acids and phytochemicals that 
are present in foods, it would be difficult to examine all of these aspects. Organic 
practices may not have an effect on overall protein or phytochemical levels, but 
these practices may affect certain amino acids or certain phytochemicals other than 
isoflavones. 
There are many reasons to support organic agriculture outside of the much-
debated nutritional enhancement. Organic production improves soil quality and 
nutrient cycling with soil-building crop rotations and cover crops (Scow et al., 1994 ), 
supports biodiversity (Brummer, 1998), and has a less destructive impact on natural 
resources (Youngberg et al., 1984). Organic agriculture also supports small 
farmers, because many organic foods come from "small farms." In the era of 
corporate farming and large grain or confinement farms, organic farming offers an 
avenue of farming that may allow for the survival of the small farm. 
Continued research is needed in the area of organic practices and production 
methods. With the growing demand for organic foods, organic farmers require 
efficient and productive farming methods to meet demand. Continued research is 
also needed in the area of product development for organically acceptable pest 
management tools, in order to develop more products such as kaolin particle film 
and other environmentally benign methods of pest control. 
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